Thalamic neurochemical abnormalities may underlie psychotic symptoms and auditory event-related potential (ERP) abnormalities in schizophrenia. We investigated this hypothesis in subjects at risk of psychosis using magnetic resonance spectroscopy and electroencephalography (EEG). Reduced thalamic glutamate plus glutamine and N-acetyl aspartate levels were associated with abnormal frontal ERPs, supporting a thalamic basis for filtering impairments.
Introduction
Individuals with an at risk mental state (ARMS) experience subthreshold psychotic symptoms and are at greatly increased risk of developing schizophrenia (Phillips et al., 2000) . We recently reported ARMS subjects have neurochemical abnormalities in the left thalamus, detected using proton magnetic resonance spectroscopy ( 1 H-MRS) (Stone et al., 2009) , including reductions in thalamic glutamate (Glu), glutamate plus glutamine (Glx), and N-acetyl aspartate (NAA), markers of glutamatergic neurotransmission and neuronal integrity.
Thalamic abnormalities have been suggested to be of key importance in the development of psychosis, with impaired sensory filtering leading to cognitive deficits and thought disorder (Andreasen, 1999) . There is also accumulating evidence that the psychotogenic effects of N-methyl-D-aspartic acid (NMDA) receptor antagonists may occur through action in the thalamus, as opposed to direct effects on cortical brain regions (Sharp et al., 2001) .
Two electrophysiological measures -mismatch negativity (MMN) and P300 amplitude -are reduced in schizophrenia and in ARMS subjects (Bramon et al., 2004; Bramon et al., 2008; Sumich et al., 2008) . They are putative indices of deviance detection and may reflect mechanisms involved in filtering relevant information into consciousness (Friedman et al., 2001 ). They have also been shown to be strongly influenced by thalamic functions (Klostermann et al., 2006) . Both MMN and P300 are evoked in response to the presentation of a deviant stimulus (one that differs in one or more physical properties from a preceding series of standard stimuli). MMN amplitude is dependent on the extent of this physical deviancy, whereas P300 relies on behavioural salience: frontal P300 amplitude increases with the capture of attention by novel, startling or contextually meaningful stimuli (Friedman et al., 2001) .
MMN amplitude has been found to be dependent on glutamate function (Umbricht et al., 2000) , whereas P300 amplitude in schizophrenia has been hypothesised to rely on neuronal integrity, as indexed by NAA levels (Molina et al., 2002) . Based on these findings, we investigated the hypothesis that in ARMS subjects, thalamic NAA, glutamate and glutamine would be associated with frontal P300 and MMN amplitude.
Methods
Data from ARMS subjects who took part in previous 1 H- MRS and EEG studies (Bramon et al., 2008; Stone et al., 2009) , including previously unreported MMN data, were collated. A total of 11 ARMS subjects (5 female, mean(S.D.) age 27(4)) had data for both 1 H-MRS and MMN, and 8 (5 female, mean(S.D.) age 29(5)) for 1 H-MRS and P300, representing a subset of the total of 27 ARMS subjects with MRS data, and 35 with EEG data. The mean (S.D.) time between MRS and EEG measures was 645(475) days. One subject with P300 data, and one subject with MMN data had previous antipsychotic exposure. Psychiatry Research: Neuroimaging 183 (2010) 174-176 
